Abstract: Iran's coals occur in the Alborz range (north) and Central Iran basins. The Zirab is typical coalfield in the Alborz coal basin. From litho types of view, the coals are mainly clarovitrinite to clarodurite type which are used as source of coking coal for metallurgical factories. During the research we used 10 typical samples from Zirab coal mine to estimate fragmentation model of natural particle-size distribution of these coals. Prediction of natural fragmentation properties from coals was the main aim of this research. In order to calculate the natural fragmentation model at any stage of the extraction (or sizing) operation, we tried to find similar models that combine both natural fragmentation and degradation through natural crushing. The results our research suggest a power-law and a log-normal behavior for the distribution of the smaller and larger coal fragments, respectively. We show that the probability function that models the production of particles of different size from an initial mass and sorts that distribution is related to mass and compositional factors of coal particles. Also, our studies showed that during the fall of coals from 4m height, fragmentation followed a range of 10 percent, per time for particles smaller than 5 mm diameter. It means that if the processes would repeat 10 times, 100 percent of coals would crush to the size of less than 5 mm.
INTRODUCTION
Fragmentation is an irreversible kinetic phenomenon which occurs in many physical and chemical processes. Because of broad range of applications, many recent studies have been carried out to investigate the kinetics of the processes by introducing simple fragmentation models [1] [2] [3] . In [2] Mc Grady and Ziff presented a model of fragmentation in which the rate of break up depends on the size of the fragments. Some models of binary fragmentation were introduced which revealed composite power-law distributions for the mass and size of the fragments. Another behavior of distribution which is observed in many different processes has a log-normal form [3] . The log-normal behavior is known to be able to describe the size distribution in a wide variety of geological situations, such as that of rocks in a boulder field and volcanic ash flying . An experimental work on the shock fragmentation of long thin glass rods was carried out by Ishii and Matsushita [3] . The results of fragment size and mass distributions at small falling heights showed a log-normal form for larger fragments and a power-law form for smaller fragments. Now, we investigate some experimental work on the natural fragmentation involving log-normal distributions and the transition of the distributions from a log-normal form to a powerlaw one and vice -versa [3] . The fragment size and mass distributions for the coal pieces with different lengths and diameters during the natural fragmentation. Natural particle size fragmentation occurs in many important geological processes. Because of its wide applicability as well as in minerals industry there has been considerable interest in predicting theoretically the evolution of the particle-size distribution during the fragmentation. The economics of many operations in the minerals industry depend on the particle size distribution and *Address correspondence to this author at the Shahid Beheshti University, Tehran, Iran; E-mail: m-yazdi@sbu.ac.ir natural fragmentation is usually the first step in creating size distribution. Natural fragmentation during the excavation, blasting and subsequent ore minerals. Previous models of fragmentations in soft and hard rocks are useful for economics of many operations in the minerals industry. This paper presents an investigation about amount of coal particles produced during mining, handling and transporting before crushing and milling.
MATERIALS AND METHODS
Iran's coals occur in the Alborz range (north) and Central Iran basins. The Zirab is typical coalfield in the Alborz range coal basin. The coal bearing sequences in this range are contained in the Upper Triassic to Middle Jurassic Shemshak Formation, which consists mainly of sandstone, shale, siltstone, and claystone. From litho type's point of view, these coals are mainly clarovitrinite to clarodurite type which are used as source of coking coal for metallurgical factories. The coking coals have relatively high vitrinite (60-90%), and low inertinite (10-20%) and liptinite (5%) contents. The dominant macerals of the vitrinite group are telinite and collinite. Syngenetic pyrite, marcasite, detrital quartz, siderite, calcite, illite, and kaolinite are the main minerals in these coals. These coals seem to have strength of 5 to 10 MPa similar to those tested before in the Zirab coal mine [4] [5] [6] . During the research we used 10 typical samples from Zirab coal mine. For this experiment, samples of bright banded pure coal were collected from coal seams. The coals were chosen such that they represent a wide variety of coal type and textures.
Before fragmentation, the dimensions of coal samples were measured. The dimensions of extracted coals from the mine varied from very fine-grained to boulder size. The original dimensions of coal samples in this research varied from 11*9*3.5 cm 3 to 22*15*10 cm 3 . The details of dimensions can be seen in Table 1 . The coal samples were fragmented by 3 times onto a cemented hard floor in similar throwing velocity of natural falling from a height. The mate-rial used was air-dried coals, and the height of the fall was 4.0 m. The fragmentation took place in large plastic bags. The mass of each fragments were measured by analytical balance. The dimensions of fragments group were measured by analytical sieves. Dimensions and masses of the each fragment group are given in Tables 2-4 . We did not measure the number of fragments but they varied from 2 to 1000 depending on the size of the coal sample (Figs. 1, 2) . Table 1 
RESULTS AND DISCUSSION
Modeling and simulation of blasting and fragmentation has reached the point where can be constructively used to explore the interactions between mine and mill and to indicate changes which have the potential to improve mining companies profitability. Case histories such as that illustrated in this and other papers (by physicists and geologists) plus growing experience in the field show that it is possible to improve the overall economic performance of mines. One of the main questions is that how much natural fragmentation breakage of coal particles during the extraction, hauling and dumping process of the mining operations. The other important question is that the natural fragmentation obeys any modeling and simulation. In the previous researches have been found that the breakup rate is independent of the size of the material and all fragments are produced with equal probability. Also, dimensionality is depended to mass distributions after shock fragmentation. Those models suggest a power-law and a log-normal behavior for the distribution of the smaller and larger fragments, respectively [7, 8] . To these questions, during this research coal samples were dropped vertically onto a flat hard floor from fixed height of 4m. The results of the cumulative mass of the pieces versus the particle-size diameter were plotted in Fig.  (3) . Now, we discuss the similarities between the results from our results and those from the experiments that discussed above. For a falling height of 4 m the mass of fragments on their size were plotted. The data was fitted to a curve calculated by assuming that the size distribution could be described by a log-normal distribution. The fitting gave size values of 37.5 mm mesh sizes. The fitting is also excellent for the fragments larger than 40 mm mesh sizes which is a length scale around the coal pieces diameter. The size distribution of fragments smaller than 30 mm mesh sizes seemed to have a power-law form but the cumulative mass variation for larger fragments started to show a power-law dependence on their size and mass. At this falling height, the distributions exhibited a log-normal form for larger fragments and a power-law form for smaller ones. The crossover was seen to be at length scales around the coal pieces diameter. This is due to the fact that fragments smaller than the coal pieces diameter; undergo a three-dimensional fracture, whereas the larger fragments are produced by onedimensional breaking [9] [10] [11] .
Our studies showed that natural fragment distributions that obey scaling laws and degradation model [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . We observed that during the fall of coals from 4m height, frag- mentation followed a range of 10 percent, per time for particles smaller than 5 mm diameter (Figs. 2-5) . It means that if the processes would repeat 10 times, 100 percent of coals would crush to the size of less than 5 mm. Coal is an inherently friable material, but it consists of a heterogeneous mixture of strong and weak bands that respond differently during fragmentation. Also, the scaling exponents depending on the overall morphology of the coal particle sizes. We suggest that during the short time of the fragmentation process the system becomes continuously driven and that the observed power law is a result of self-organized critical state. Also, our data show that the natural fragmentation obeys a degradation model. The model is an energy-based size reduction process that is a necessary intermediate step between blasted material and ROM (Run of Mine) for soft materials that experience significant breakage during the extraction, hauling and dumping process of the mining operation. Coal is such a material. 
CONCLUSIONS
Prediction of natural fragmentation from coal samples requires an accurate characterization of mass and size distributions. The objective of this study was to test the validity of a mass and size-based fragmentation model to describe natural fragmentations in coals. The results show there is evidences that cumulative natural fragmentations in coals follow a power-law distribution, consistent with a fractal fragmentation model. Fragmentation fractal dimensions of the coal pieces decreased in the order of large to small fractions. During the fall of coals from 4m height, fragmentation followed a range of 10 percent, per time for particles smaller than 5 mm diameter. It means that if the processes would repeat 10 times, 100 percent of coals would crush to the size of less than 5 mm. This implies that the natural fragmentation in coals has essential rules for breakage of coal particles during the extraction, hauling and dumping process of the mining operations.
